A continuous lymphoblastoid cell line, IB-4, was established by infection and growth transformation of normal neonatal B lymphocytes with the B95-8 isolate of Epstein-Barr virus (EBV). The IB-4 cells contained the intranuclear antigen, EBNA, but not early antigen, EA. The fragments produced by the digestion of intracellular episomal viral DNA (density, 1.700 to 1.720 g/cm3) with EcoRI restriction endonuclease were identical in size to the A, B, C, E, F, G, and H fragments of virion DNA. As expected from the previous observation that episomal intracellular DNA is circular, the fragment containing the rightward terminal sequences of EBV DNA in IB-4 celLs was larger than the corresponding fragment of linear viral DNA, probably as a consequence of covalent linkage to the leftward terminal fragment. Also, two fragments, EcoRI-I and -J, which were adjacent to each other in the virion DNA, were absent from the intracellular DNA. The labeled EcoRI-J of viral DNA hybridized instead to a new fragment equal in size to EcoRI-I and -J combined. Analysis of viral RNA in IB-4 cells showed that RNAs encoded by more than 30% of the viral DNA comprised approximately 0.06% of the nuclear RNA, whereas RNAs encoded by 20% and 10% of the viral DNA comprised approximately 0.06% and 0.003% of the polyadenylated and polyribosomal RNAs, respectively. Viral mRNA (polyribosomal RNA) was encoded by DNA which mapped at 0.05 x 108 to 0.36 x 108 daltons and to a lesser extent by DNAs which mapped at 0.62 x 108 to 0.67 x 108, 0.70 x 108 to 0.73 x 108, and 1.13 x 108 to 1.15 x 108 daltons in the B95-8 genome. The most abundant nuclear viral RNAs were encoded primarily by DNA which mapped at the same loci; but RNAs encoded by many other fragments of viral DNA could also be detected among nuclear RNAs. Viral mRNA(s) (polyribosomal) was encoded by about 40% of the internal reiteration and by 25% of the BamHI-H fragments which mapped from 0.32 x 108 to 0.36 x 108 daltons; nuclear RNAs were encoded by at least 57% of the internal reiteration and 40% of BamHI-H. These data indicate that there is selective accumulation of some viral RNAs within the nucleus of IB-4 cells and that there is selective post-transcriptional processing of these RNAs. Finer mapping of the DNA which encodes mRNA (polyribosomal) in IB-4 cells indicated that some of this DNA is deleted in the DNA of the P3 HR-1 virus, the only isolate of EBV which cannot initiate growth transformation. These data, therefore, support the hypothesis that expression of this region of EBV genome is important for growth transformation or for the maintenance of restringent infection.
biopsies, have been most extensively analyzed. Namalwa and Raji cells contain RNA encoded by a substantial fraction of the EBV genome, Raji cells containing RNA from at least 30% of EBV DNA and Namalwa cells containing RNA from at least 17% (10, 22, 25 ; W. King and E. Kieff, in preparation). There is evidence for selective processing of viral RNA, both before and after polyadenylation. Thus, Raji mRNA's are enriched for those viral RNAs encoded by approximately 10% of EBV DNA, whereas RNAs encoded by 20% of EBV DNA selectively accumulate in the polyadenylated RNAs of Raji cells (10, 22 ; King and Kieff, in preparation). Furthermore, the viral mRNA's of Raji and Namalwa cells are encoded largely by DNA sequences which map between 0.05 x 10" and 0.36 x 10W daltons and to a lesser extent by DNAs which map at 1.04 x 108 to 1.15 x 10" and 0.70 x 108 to 0.73 x 108 daltons, whereas RNA from many other regions of EBV DNA is detected only among nuclear RNAs (15, 25 ; King and Kieff, in preparation).
There are two limitations inherent in the study of viral RNA in cell lines derived by growth of Burkitt tumor celLs in culture. First, there is variation among the DNAs of EBV isolates (8, 11, 14, 26 (7, 15) . Some of these malignant cells can be infected with EBV in vitro (15) , and such infection could presumably also occur in vivo. The GIBCO Laboratories, Grand Island, N.Y.).
The IB-4 cell line was initiated by infection of cord blood lymphocytes with EBV produced by B95"8 cells.
The lymphocyte fraction was first separated from heparinized cord blood by centrifugation on FicollHypaque gradients (3) . The lymphocytes were freed from residual erythrocytes by incubation for 10 min at 4°C in 0.01 M potassium bicarbonate-0.1 M EDTA and were collected by centrifugation at 2,000 rpm for 5 min. The lymphocytes were resuspended at a concentration of 5 x 10i cells per ml of complete medium.
Four cultures containing 0.5 ml of cells and 0.5 ml of a dilution of twice-filtered (0.22-um filter, Millipore Corp.) supernatant of B95-8 cultures were set up at each dilution of supernatant. The cultures were incubated in an atmosphere of 5% C02 at 37°C and were fed every 3 to 4 days by exchanging 0.5 ml of fresh complete medium for 0.5 ml of culture supernatant. By 6 to 10 weeks, the number of viable cells in one of four cultures infected with a 10-' dilution and in one of four cultures infected with a 10-4 dilution of supernatant exceeded 2 x 105 cells per mL These cultures were thereafter fed by dilution every 3 to 4 days in an equal volume of complete medium.
The culture which was initiated after infection with a 10-4 dilution of supernatant of B95-8 cultures, IB-4, was grown in large quantity for subsequent studies.
The cultures contained more than 95% viable cells. The viral capsid antigen, VCA (12) , and early antigen, EA (13) , content of cells was monitored monthly and was consistently negative. In an attempt to induce early antigen, cultures were incubated in complete medium for 3 days in the presence ofiododeoxyuridine, 30 ,ug/ml, followed by 3 days in the absence of iododeoxyuridine. EA was not detected in IB-4 cells even after iododeoxyuridine treatment at the level of 1 positive cell per 1,000 negative cells.
Preparation of IB-4 DNA enriched for viral DNA. The pellet obtained by centrifuging 5 x 108 cells was suspended in 100 ml of 0.01 M EDTA-0.01 M Tris-hydrochloride, pH 7.5, at 4°C, and 0.05 volume of 20% (wt/vol) sodium dodecyl sulfate was added. After addition of 0.25 volume of 5.0 M NaCl, the mixture was stored at 4°C for 18 h. The precipitate was removed by centrifugation at 9,000 rpm for 15 min in a GSA rotor (Ivan Sorvall, Inc.). Proteinase K, 100 ,ug/ ml, and 0.025 volume of 20% (wt/vol) sodium dodecyl sulfate were added to the supematant, which was then incubated at 600C for 1 h and dialyzed at 200C against 0.1% Sarkosyl, 0.01 M EDTA, and 0.02 M Tris-hydrochloride, pH 7.5. Cesium chloride was added to a density of 1.700 g/cm3, and the mixture was centrifuged for 20 h at 40,000 x g and 20°C in a VTI 50 rotor (Beckman Instruments, Inc.). The fractions of the gradients from 1.700 to 1.720 g/cm3 were combined and recentrifuged under the same conditions. The fractions of the gradient from 1.700 to 1.720 g/cm3
were combined, dialyzed against 0.1 M NaCl, 0.01 M EDTA, and 0.02 M Tris-hydrochloride, pH 7.5, and precipitated overnight at -20°C after the addition of 2 volumes of ethanol. and hybridization to blots. Virus was purified from the extracellular fluid of B95-8 cells (6) , and the DNA was extracted as previously described (10). BamHI fragments V, H, C, and X obtained from recombinant plasmids pDK14, pDK286, pDK10, and pDF322, respectively, were a kind gift of Timothy Dambaugh (5 For the preparation of nuclear and polyribosomal RNAs, nuclear and polyribosomal fractions of cells were separated by differential centrifugation (10) . Subsequent purification of nuclear and polyribosomal RNAs followed the procedures described above for cellular RNAs.
All RNA preparations were treated with DNase I under conditions in which 95% of added [3H]thymidine-labeled K. pneumoniae DNA was rendered soluble in 70% ethanol (25).
The procedures for hybridization of cellular RNAs to labeled virl DNA in solution, for S1 digestion of residual labeled single-strand DNA, and for analysis of the kinetics of hybridization have been described previously (10, 22) . Alkali-treated portions of each RNA preparation had no effect on the rate of renaturation of labeled viral DNA (10, 22 (Fig. 3 ).
There were 9 x 106, 5 x 106, and 3 x 105 cpm of 32p labeled DNA in the regions of native DNA, denatured DNA, and DNA-RNA hybrid, respectively, of the first cesium sulfate gradient, and there were 10 x 108, 2 x 108, and 1.5 x 108 cpm of 32P-labeled DNA in the corresponding regions of the second cesium sulfate gradient, indicating that at least 98% of the renatured and 96% of the denatured labeled DNA were removed from the Sl-resistent nucleic acid mixture by the first cycle through cesium sulfate. Nearly identical results were obtained in the cesium sulfate gradients of labeled DNA hybridized to polyribosomal RNA except that only 1.2 x 108 and 0.5 x 108 cpm of 82P-labeled DNA were in the DNA-RNA hybrid region of the first and second cesium sulfate gradients. Assumig that the segregation of DNA-RNA hybrid from native and denatured labeled DNA is similar in the first and second cesium sulfate gradients, as the banding of native and denatured labeled K. pneumoniae DNA in both gradients suggests, then less than 0.6% of the labeled DNA in the DNA-RNA hybrid region of the second cesium sulfate gradient of DNA complementary to nuclear RNA and less than 2% of the labeled DNA in this region of the second cesium sulfate gradient of DNA complementary to polyribosomal RNA could be due to contmination with denatured labeled viral DNA. The level of contamination with native viral DNA is much less.
The second approach was to synthesize cDNA from polyadenylated polyribosomal RNA by using avian myeloblastosis virus reverse transcriptase (prepared (Fig.  1) . The labeled EBV (B95-8) DNA also hybridized to a fragment larger than EcoRI-E and a fragment smaller than EcoRI-F (Fig. 1) . EBV DNA is known to circularize in infected cells by covalent joining of the ends (1, 2). To demonstrate that the fragment larger than EcoRI-E was the fragment anticipated from the joining of EcoRI Dhet and IJhet fragments, the component of BamHI-A which maps from 0.94 x i05 to 0.98 x 10' daltons in EBV B95-8 DNA (Fig.   9 ) was separated by electrophoresis from the other fragments of a BamHI/EcoRI digest of cloned BamHI-A, labeled in vitro, and hybridized to blots of EcoRI fragments of EBV (B95- 8) or IB-4 cell DNAs. As expected, the labeled fragment hybridized extensively to the fragment larger than EcoRI-E in IB-4 cell DNA, which is, therefore, identified as EcoRI-Dhet-IJhet (Fig.  1) .
The purified EcoRI-D component of BamHI-A was not completely free from the EcoRI-C component of BamHI-A, and the labeled probe hybridized to a lesser extent to the EcoRI-C fragment of EBV (B95-8) DNA and to a similarsize fragment of IB-4 cell DNA (Fig. 1 ). An unanticipated finding was the observation that this labeled DNA also hybridized to fragments slightly smaller than EcoRI-B and slightly larger than EcoRI-G in both EBV (B95-8) DNA and IB-4 cell DNA. These fragments may result from a minor population of defective molecules containing BamHI-A sequences. However, neither of these fragments was detected with labeled EBV (B95-8) DNA (Fig. 1) .
Fragments the size of EcoRI-I and -J were not present in the autoradiograms of blots of EcoRI fragments of IB-4 DNA (Fig. 1) . A new fragment was present, however, just below EcoRI-F (Fig.  1) DNA in solution. As shown in Fig. 2 , nuclear RNA hybridized to 29 to 33% of the labeled EBV DNA; polyadenylated RNA, to 19 to 22% of the labeled EBV DNA; and polyribosomal RNA, to 8 to 10% of the labeled EBV DNA. From the kinetics of hybridization of the RNA to denatured labeled DNA, the viral RNA was estimated to be approximately 6 x 10-2, 6 x 10-2, and 3 x 10-3% of the IB-4 cell nuclear, polyadenylated, and polyribosomal RNA, respectively (10, 22) .
Mapping of IB-4 RNAs. Two series of experiments were done to identify on the restriction endonuclease map of EBV DNA (Fig. 9 ) the viral DNA sequences which encode IB-4 nuclear, polyadenylated, and polyribosomal RNAs. In the first series of experiments, labeled viral DNA which hybridized to IB-4 RNAs was then hybridized to blots of viral DNA fragments. As a consequence of the greater abundance of viral RNA in the nucleus than in the polyribosomal fraction of IB-4 cells, labeled DNA homologous to viral nuclear RNA could be more clearly separated from residual single-stranded DNA and small DNA fragments (Fig. 3) . Despite the clear separation from residual single-stranded DNA, viral DNA homologous to nuclear or polyadenylated RNA hybridized to many of the EcoRI and HindIII fragments of EBV DNA (Fig. 4) , and DNA homologous to polyribosomal RNA hybridized (Fig. 4) primarily to the EcoRI-A (map position, 0.07 x 10" to 0.46 x 10" daltons, Fig. 9 ), the HindIII-A and B fragments (map position, 0.00 to 0.52 x 10' daltons, Fig. 9 ), and to BamHI-V, -H, -C, and -X (map position, 0.05 x 10" to 0.37 x 10W daltons, Fig. 9 ). DNA selected for homology to polyribosomal RNA hybridized to a lesser extent (Fig. 4) to the EcoRI-B, -C, and -Dhet fragments (map positions, 0.63 x 10" to 0.82 x 108, 0.93 x 10" to 1.15 x 10" daltons, Fig. 9 ). Several other dark areas are visible in the radiofluorogram of the BamHI blot hybridized to cDNA-P (Fig. 5c) Fig.   9 ). To investigate whether IB-4 viral nuclear or polyribosomal RNAs are encoded by all or only part of these fragments, we undertook two further experiments. In the first type of experiment, cDNA to nuclear or polyadenylated polyribosomal RNA was hybridized to blots of BamHI, EcoRI fragments of plasmid pDK10, which contains BamHI-C (Fig. 6A) , to BamHI, BglII fragments of pDK14, which contains BamHI-V (Fig.  6B) , to HindIII fragments of pDF322, which contains BamHI-X (Fig. 6C ) and to BamHI, HinfI fragments of pDK286, which contains BamHI-H (Fig. 6D) . These cDNA's were also hybridized to blots of a BamHI, EcoRI digest of CB28, which contains EcoRI-Dhet-IJhet (Fig.  6E) . The the extent to which individual fragments encode nuclear and polyribosomal RNA in IB-4 cells, nuclear or polyribosomal RNA from IB-4 cells was hybridized to denatured labeled BamHI-V or -H which had been separated from the respective recombinant plasmid DNAs. Nuclear RNA hybridized to at least 55% of BamHI-V and 40% of BamHI-H (Fig. 7) . Polyribosomal RNA hybridized to at least 42% of BamHI-V and 25% of BamHI-H (Fig. 7) . (17, 19) . Further, P3HR-1 DNA has been shown to have a deletion in the HindIll-B fragment (26) . The deletion probably extends from 0.31 x 10" daltons rightward, as the map is drawn in Fig. 9 , since P3HR-1 DNA has the internal reiteration but lacks the HindlI cleavage site between HindIII-A and -B (14) . BamHI-X contains the HindI site and BamHI-H is to the right of BamHI-X (5). To determine whether P3HR-1 DNA has the BamHI-X and -H sequences which encode mRNA in the EBV-infected, growthtransformed cell line LB-4, we hybridized 32p_ labeled P3HR-1 DNA to blots of fragments of a HindIl digest of pDF322 which contains BamHI-X and of a BamHI/Hinfl digest of pDK286 which contains BamHI-H (Fig. 8) encode abundant mRNA in IB-4 cells. DISCUSSION The objective of these experiments was to define the viral DNA which encodes RNA in cells whose ability to grow in culture is unequivocally dependent on EBV infection. EBV is rarely, if ever, vertically transmitted (18) . For these experiments, therefore, normal neonate lymphocytes, which could not establish longterm growth in culture, were infected with EBV. A continuous lymphoblastoid cell line established from a normal neonate lymphocyte culture infected with a dilution of the B95-8 isolate of EBV at which only one of four replica cultures were growth transforned was selected for these studies. Infection with a dilute suspension of virus makes it likely that the culture resulted from infection of a single cell. The resultant continuous lymphoblastoid cell line had a doubling time of approximately 24 h and has been passaged for over a year to obtain sufficient quantities of cells for the analyses described in this report. The viral infection remained stably restringent, with the cells expressing EBNA but not EA or VCA. EA and VCA cannot be induced in these cells with iododeoxyuridine.
From the similarity in size of the EcoRI fragments of the viral DNA in IB-4 celLs to the fragments of EBV B95-8 DNA, IB-4 cells appear to contain the entire EBV (B95-8) genome. The intracellular DNA differs, however, from EBV (B95-8) DNA in at least two respects. First, the ends of EBV (B95-8) DNA in IB-4 cells are joined in a single fragment which does not vary in the number of copies of the terminal reiteration. Second, the EcoRI-I and -J fragments are absent from the digest of the intracellular DNA and a new fragment is present which is equal in size to that of the I and J fragments together.
This fragment contains the sequences of EcoRI-J, and since I and J are adjacent in EBV (B95-8) DNA it is likely that there has been an alteration in the EcoRI site in the DNA of the virus which infected IB-4 cells or an alteration in the site after infection. 06-from regions such as BamHI-H and -V (Fig. 7) which encode both nuclear and polyribosomal RNAs and in part by other regions of EBV DNA which encode only nuclear RNAs. Comparison of the mapping of labeled DNA selected for homology to nuclear RNA with labeled DNA selected for homology to polyribosomal RNA indicated that nuclear RNA is encoded not only primarily by the EcoRI-A and the HindIII-A and -B fragments and to a lesser extent by the EcoRI-B, -C, and -Dhet and the Hindl-D, -E, -I, and -FGHhet fragments, but also by the EcoRI-F and -G and the HindII-C, -F, -G, and -H fragments; labeled DNA homologous to polyribosomal RNA hybridized to the same extent to the former fragments, but hybridization to the latter fragments was not detected (Fig. 4) . In both sets of experiments and particularly in those with nuclear RNA, residual labeled singlestrand viral DNA should not have been detected since the level of contamination of labeled DNA selected by nuclear RNA was less than 0.4%; the level of contamination of labeled DNA selected by polyribosomal RNA was potentially greater but still less than 2%. Comparative assessment of the extent of hybridization of cDNA made from nuclear and polyribosomal RNAs by reverse transcriptase to these other regions of the viral DNA was more difficult since the large number of counts of 3P-labeled cDNA-P needed to identify fragments encoding polyribosomal polyadenylated RNA resulted in high background scattered throughout the filter (Fig. 5 ). (Fig. 9) The data indicate that at least 50% of BamHI-V, a substantial part of the unique component of BamHI-X, and at least 25% of BamHI-H encode polyribosomal RNA in IB-4 celLs. These DNA sequences add up to at least 6 x 103 base pairs and are sufficient to encode polypeptides with a total molecular weight of 2 x 106. This is hot A a minimal estimate of the complexity of mRNA in IB-4 cells and assumes that the hybridization of IB-4 mRNA to BamHI-C and the remainder of BamHI-X is due to sequences in common with BamHI-V and that the hybridization observed to other fragments is due to small DNA sequences which do not encode long stretches of mRNA. These other fragments such as BamHI-E, -K, and -Nhet or -Jhet may, for example, encode leader sequences. Alternatively, BamHI-E, -K, and -Nhet or -Jhet may encode significant portions of less abundant mRNA's. The similarity between these results and those previously reported for Namalwa and Raji RNA (10, 22, 25; King and Kieff, in preparation) is striking. Although the possibility persists that these RNAs are a consequence of incidental similarity in the promoters for these regions of EBV DNA to cellular promoters, the concordance between these results with IB-4, a cell line whose growth in vitro is at least originally dependent on virus infection, and those obtained previously with Burkitt tumor cell lines suggests that these RNAs play a role in mediating growth transformation by EBV. Additional evidence in support of the importance of these viral RNAs in transfornation comes from the previous finding, which is extended in these experiments, that the P3HR-1 isolate of EBV, which is alone among isolates and laboratory strains of EBV in its inability to induce growth transformation of normal human lymphocytes (17, 19) , lacks the HinduII cut site in BamHI-X (14) , the sequences to the right of the Hindll cut site in BamHI-X, and the 0.4 x 106 dalton Hinfl fragment of BamHI-H, which encode abundant mRNA in IB-4 cells. Further evidence for the role of these DNA sequences in cellular growth transformation should come from prospective studies of the ability of these fragments to transform cells in vitro. The studies will be facilitated by the availability of these fragments in large amounts from recombinant DNA grown in Escherichia coli. 
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